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T h e l e a d i n g h y p o t h e s i s a m o n g t h e a t t e m p t s to e x p l a i n p r o t e i d s e n s i t i z a t i o n , o r a n a p h y l a x i s , is t h a t o f V a u g h a n J T h i s v i e w w a s a d v a n c e d b y V a u g h a n a n d W h e e l e r as e a r l y as 19o 7 a n d has, w i t h m o r e o r less m a r k e d m o d i f i c a t i o n s , r e c e i v e d w i d e a c c e p t a n c e . 2
His conception may be summarized as follows: The parenteral introduction of a foreign proteid (sensitization) develops in the animal a proteolytic ferment specific for the proteid introduced. This specific ferment remains in the cells of the sensitized animal as a zymogen and is activated by the second injection of the same proteid. The zymogen itself is conceived not as a new substance in the cell but as a more c~r less permanent alteration of the atomic structure of the cell proteid molecule. A sensitized animal, therefore, is one whose cells are rich in a specific proteolytic zymogen. As Vaughan conceives all proteids to be composed of a toxic and a non-toxic fraction, and as the injection of a foreign proteid into a sensitized animal brings about activation of the specific zymogen, the active ferment thus formed frees the toxic portion of the proteid molecule and these poisonous substances cause the picture of "anaphylactic intoxication."
The first injection of the proteid causes no symptoms because the cleavage or digestion of the foreign proteid by the body cells takes place so slowly that at no one time is there a sufficient amount of the toxic proteid group to cause symptoms. Vaughan also holds the view that "each foreign proteid has its predilection tissue in which it is largely deposited, whose cells it especially sensitizes, and where it is disrupted. ''a * A preliminary report is published in the Zentralblatt fiir Physiologie, 1913 (in press). Received for publication, June 5, I913.
1 Vaughan, V. C., Am. Jour. Med. Sc., 1913, cxlv, 161. 2 We shall not enter into a historical review of this matter, nor do we wish to deny that other investigators may have reached similar views independently of Vaughan. It seems to us, however, that Vaughan has the credit of giving the first sharp, clean cut conception, based on experimental evidence, of the r61e which cleavage products may play in proteid sensitization.
8 Vaughan, V. C., loc. cir., p. 176. 210 These views have stimulated investigators to the search for proteolytic ferments and protei.d cleavage products both in the blood of fully sensitized animals and in animals during the anaphylactic reaction. We shall not enter into a criticism of the many interesting and contradictory results which have been obtained; for these the reader is referred to the works .of Abderhalden, 4 Pfeiffer and Mira, ~ Zunz, 6 and Doerr. 7 We shall merely state that no con-¢ elusive evidence has yet been obtained that cleavage products of the reinjected proteid produce the symptoms of the anaphylactie reaction. 8
In the search for proteolytic ferments and cleavage products the investigators limited themselves to one field, the blood. As far as we are aware no one has sought for them in the specific tissues where active anaphylaxis manifests itself by characteristic functional and anatomical changes, a location, therefore, where these substances theoretically must he present.. There are two organs especially available for such an investigation, the anaphylactic lung of the guinea pig 9 and the anaphylactic heart of highly sensitized rabbits. 1° In both instances these organs are respectively the immediate primary cause of death, and, therefore, on the basis of the theory briefly outlined above, enough cleavage products of one kind or another must be present in the substance of these organs themselves to produce the characteristic changes which bring about acute death. Immediate examination of these organs after death ought, therefore, to reveal them, provided that cleavage products are present, and that their amount is not beyondL the range of the method employed.
These considerations and the fact that art exceedingly delicate 4Abderhalden, E., Die Schutzfermente des tierisehen Organismus, Berlin, I912; Ztschr. f. physiol. Chem., 1912, lxxxii, lO9 . 5 Pfeiffer, I-I., and Mita, S., Ztschr. f. Immunitiitsforsch., Orig., 191o, vi, 18. 6 Zunz, E., Ztschr. f. Immunitiitsforsch., Orig., 1913, xvii, 241. Doerr, R., in Kolle and Wassermann, Handbuch der pathogenen Mikroorganismen, 2d edition, Jena, 1913, ii, io3o, -~ s For a full discussion see Zunz, E., loc. cit., pp. 288-298. 9 Auer, J., and Lewis, P. A., Your. Am. Med. Assn., 19o9, liii, 458; Your. Exper. Med., 191o , xii, 151. lo Auer, J., Zentralbl. ~. Physiol., 191O-li , xxiv, 957; Your. Exper. Med., 1911, xiv, 476. method for the detection .of proteid cleavage products was available 1~ led us to investigate the problem. For convenience we chose as the material for examination the characteristic lungs of guinea pigs that died acutely from serum anaphylaxis.
EXPERIMENTS.
Thirty-seven guinea pigs were used in all. Of these sixteen were normal controls and twenty-one had been sensitized by the subcutaneous injection of I c.c. of horse serum. After intervals of 23, 35, 43, 54, and 57 days the sensitized animals were stretched out on an eleceric pad to prevent loss of heat, were lightly etherized and a cannula was tied into an external jugular vein. After full recovery from the ether, either o.5 or o.9 c.c. of warm horse serum TM was injected into the jugular cannula and the cannula was then washed clear by a following injection of 1.5 c.c. of Ringer or salt solution. The large majority of the sensitized animals showed typical symptoms and died three to six minutes after the intravenous injection. Three did not die acutely, but were killed by severing the neck. The animals were autopsied immediately after cessation of respiration, and the lungs excised. Their appearance was typical in the cases that succumbed acutely: the lungs remained in full inspiratory position on excision, the surfaces and borders were smooth, the color was pale bluish red; no foam was in the trachea; and, as a rule, no hemorrhages were visible. The lungs were then freed from the trachea and the mass of tissue at the hilus, the various lobes cut through a number of times, swiftly washed off with Ringer solution, dried quickly with filter paper, and then examined at once or cooled at o ° C. until they could be used, which was never later than after two hours. The lungs were not allowed to remain for any length of time at room temperature.
The lungs of the three sensitized animals which were killed ten minutes after reinjection of the horse serum were also found to remain distended after excision from the chest, but their distension was not as marked, and their appearance was less firm than that of the other lungs.
The controls were treated in exactly the same manner: they were stretched out on the electric pad, lightly etherized, and a jugular cannula was introduced; after a few minutes o.9 c.c. of warm horse serum was injected and the cannula washed clear by 1.5 c.c. of Ringer or salt solution. The horse serum caused no noticeable effect in the controls. About five minutes after the injection, the animals'were killed by injecting 4 c.c. of air into the jugular vein. Two controls were killed by severing the neck. On immediate autopsy the lungs of all controls collapsed practically fully on excision and formed a small grayish mass which differed strikingly from the anaphylactic lung. Their further preparation was the same as that of the anaphylactic lungs.
ANALYTICAL :METHODS.
Amino Nitrogen.--The lungs were weighed to within o.oI gin., then coagulated with hot water, minced fine, and further extracted several times with hot water. The extracts were concentrated in vacuo, and a small amount of protein, not coagulable by heat, was precipitated with methyl alcohol. The filtrate was then concentrated in vacuo to remove the alcohol. The residue was diluted to Io c.c. in a measuring flask, and portions of 2 c.c. were used for determination of amino nitrogen by Van Slyke's method, 18 a small apparatus being used, which permitted measurement of the nitrogen gas to within o.oI c.c. (table I) .
Total Non-Coagulable Amino Nitrogen (Free NH~ of Amino Acids, Peptones, Albumoses, etc.).--The hot water extracts were concentrated in vacuo to IO c.c. and used directly for determination of amino nitrogen, without alcohol treatment. The results give the total nitrogen of the a-amino acids, and the end NH2 of the higher products (table II) . (table II) ).
Non-Coagulable Amino Nitrogen after
The experimental basis of the methods will be discussed in connection with another article. The results are accurate to within I or 2 rag. of amino nitrogen per IOO gin. of fresh tissue. Samples of the same organ from different animals of the same species vary over a much wider range, however, as is shown by the results tabulated. Most of the analyses were made in duplicate.
RESULTS.
The following tables give the results of this investigation. It must again be noted that the armlytical c~ata of 15 The other 25 per cent. belongs to the ammonia and the amino acids which contain part (tryptophane, arglnine, histidine) or all of their nitrogen (proline, oxyproline) in other than amino groups. A study of the tables shows that the lungs of guinea pigs which died of typical acute anaphylaxis did not yield more amino nitrogen in the three procedures employed than the lungs of normal control animals. Thus in table I ten anaphylactic animals yielded on the average 24.4 milligrams of amino acids per IOO grams of lung tissue, while six control an~imals gave 29 milligrams for the same amount of tissue; amino acids were therefore surely not more abundant in the anaphylactic than in control lungs. In table II where the free amino nitrogen not only of the amino acids but also of the peptones, albumoses, etc., was determined, we find the average at?ter acute anaphylactic death (ten animals)to be 61.8 milligrams per IOO grams of lung tissue, while controls (ten animals) show 58.5 milligrams for the same amount of tissue; the small difference between the two averages (3 milligrams) is without sign,ificance, as it falls within the range of normal variation. When the non-coagulable amino nitrogen after hydrolysis with hydrochloric acid was determined in five anaphylactic and five control lungs the results again showed no significant differences : the average yield of the anaphylactic lungs per IOO grams of tissue was 172.6 milligrams, while the average for the comrols was 171.2 milligrams.
Especial attention may be called to the significance of the data obtained after hydrolysis. If there were a difference in the content of albumoses, peptones, etc., in the lungs of the anaphylactic animals as compared with those of the controls, this .discrepancy should be increased because the analysis after complete hydrolysis determines not only the free amino acid nitrogen of the albumoses, peptones, etc., but also the amino acid nitrogen of the amino acids formed from the albumoses, peptones, etc., by the process of hydrolysis; imuch larger quantities of amino acid nitrogen are thus obtained for determination, and any difference in the content of these substances in the two types of lung should therefore be more easily detectable. As a matter of fact the differences between the averages of the two kinds of lungs were negligibl e .
The conclusion therefore is fully warranted that the amino acid, peptone, and albumose content of lungs which show undoubted anaphylactic changes is apparently identical with that of normal controls. Thus our results do not support the proteid cleavage theory of anaphylaxis, yet they do not exclude it, because it is conceivable that specifically toxic cleavage products may be formed in such minute amount that they do not appreciably influence the total quantity of cleavage products normally present.
It may be worthy of notice that fluctuations in the amino nitrogen figures amounting to one third of the amount present may occur in animals which were kept under approximately the same conditions and that neither sex nor pregnancy exerted any definite effect on the content of amino nitrogen in the lung.
SUMMARY.
Examination of the anaphylactic lung by means of Van Slyke's amino nitrogen method gave no evidence of an increased amount of proteid cleavage products of any kind in this organ. This investigation gives no support to the hypothesis that the true anaphylactic lung of the guinea pig is caused by proteid split products.
